
An open source tool to infer epidemiological and

immunological dynamics from serological data:

serosolver

Supporting Text 2: additional antibody kinetics and code update guide

Additional immunological mechanisms included in

serosolver

Non-linear waning

As an alternative to the persistent long term and transient short term model described

above, serosolver includes an option to have non-linear waning of the antibody response.

Here, the long term boost (µ1) and the long-term cross-reactive response (σ1) are both

set to 0 and the single parameter that describes waning ω is replaced with the piece

wise linear function,

ω = ω1tm + 1(tm>tchange)ω2tm (1)

where tm = k −m is the time since infection with strain m, ω2 = −ω1κ and κ ∈ (0, 1).

The parameter tchange indicates the time at which the slope of the antibody response

changes following infection.

Additional boosting assumptions

There are optional mechanisms included in serosolver that account for titre-dependent

and strain-dependent boosting. The strain-specific antibody boosting mechanism is

included to allow for different levels of boosting for distinct strains or between clusters.
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In place of a global long-term boosting parameter, µ1, individual strain level or group

level long-term boosting parameters can be passed into the model such that µ1 is

replaced by µc, where c is the index of the boosting parameter for the infecting strain.

The hierarchical structure of µc is flexible: each infecting strain may have a unique,

independent µc; different infection strains may have shared or separate µc, for example

within a single antigenic cluster; all µc may be estimated independently or drawn from a

common distribution. In the latter case, the following term is added to the model:

µc ∼ N (µ̄l, σ
2
µl

) (2)

where µ̄l is the mean long term boost, σµl
is the standard deviation, both parameters to

be estimated or fixed.

The titre-dependent boosting mechanism accounts for potential antibody ceiling

effects, whereby antibody boosting is decreased at higher initial titres [1, 2]. For each

infection, m, the predicted log antibody titre in Equation 2 in the main text is

multiplied by b(m),

b(m) =

 max{0, 1− γxmim} if xmim ≤ xchange ;

max{0, 1− γxchange} else
(3)

where γ is a fitted parameter and xchange is the titre-dependent boosting threshold.

Initial titres above xchange do not experience any further boosting suppression.

Modifying serosolver’s code to incorporate additional

antibody kinetics models

Modifying source code can be challenging; however, it is our hope that serosolver will

be extended and branched to test novel biological hypotheses. We have therefore

structured the code with the hope that new mechanisms and assumptions can be added

without major structural changes to the code base for a user with intermediate R and

C++ programming experience. Table B1 outlines the locations in the source code that

must be changed to modify the model called by create posterior func.
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All of the plotting code, simulation code (eg. simulate data), and

create posterior func, ultimately calls titre data fast (L27 of

src/infection model fast.cpp). Making the changes in Table B1 will therefore also

update any post-processing, simulation code and the posterior function. Users should

include additional model parameters in the parameter vector theta. For example, in

example par tab, the long-term boosting parameter “mu” is described. This parameter

is automatically located and then extracted at L65 of infection model fast.cpp.

Note that the cross-reactivity matrices for long and short term antibody boosting,

antigenic map long and antigenic map short are pre-calculated using

create cross reactivity vector. For example, at L178 and L342 in

simulate data.R, and L404 and L503 in posteriors.R. The rest of the arguments to

titre data fast pass the current infection history matrix and vectors to control the

titre data indexing.

Changes need to be made to titre data fast in 3 places: (i) extracting model

parameters from L65; (ii) selecting the model version to use at L100; (iii) choosing the

correct model to solve based on the options using an ifelse statement from L124. For

computational speed reasons, the model solving code of titre data fast is directly

integrated into the infection history proposal function for prior versions 2 and 4,

inf hist prop prior v2 and v4 at L163 of proposal.cpp. This code must therefore

also be changed in the same way as for titre data fast. The equivalent 3 locations in

proposal.cpp are: (i) L296; (ii) L331; (iii) L536.
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